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Overview: Space Weather Forecast Lab (SWFL) 

Research-to-Ops Transition 

Products 

•Tailored forecast 
techniques 

•System effects 

•Decision aids 

Models 

•Data Assimilation 

•Empirical 

•Physics-based 

•Coupled 

Data 

•Instruments 

•Non-traditional 
sources 

Solar 

Thermo-
sphere 

Magnetosphere 

Iono-
sphere SWFL 

 SWFL Aimed at Getting the Best Space Weather Products to the Warfighter 
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Data: Solar/Coronal Assimilation 

Arge, et al., “New Global Solar Magnetic Field Maps Using ADAPT” 
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Data: C/NOFS and SSAEM 

de La Beaujardiere, et al., “C/NOFS Science Results and Plans for a Follow-on Mission” 
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Data: C/NOFS data into PBMOD 

Roth, “A Case Study of PBMOD with assimilation of C/NOFS Electric Field Data 
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Data: Ionospheric Utility 

Bishop, et al., “On the Relative Utilities of Data Types for Assimilation by Global 
Ionsopheric Models” 
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Data: CubeSats for Drag 

Sutton, et al., “A CubeSat Constellation to Investigate the Atmospheric Drag 
Environment” 
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Models: Baselining Current Capabilities 

Young and Johnston: A Baseline Space Weather Forecast Capability 

space                              

Environm
ent or 

System
 Effect

Now
cast

Forecast

Operationallm
odel       

or  data

PossiblelNextlllllll 

Generation M
odels

SW
FL Project

Validation M
etrics

Solar

Flares
flares events,                              

short-wave fade
M, X class probabilities

Data: GOES, USGS, SOON, 

RSTN,                                                      

Human Forecast

Falconer model,             

Leka/Barnes,                  

Balasubramaniam                 

Operational Model 

Assessment

Metric: Probabilistic forecast 

accuracy.                                              

Method: Briar Skill Scores 

and Contingency Tables

Radio Bursts Solar Radio Event None
GOES x-ray data,                      

RSTN
Nothing Currently Nothing Currently None

CMEs Nothing Currently Nothing Currently None

SMEI Data,                                           

SMEI-Tappin-Howard,                                 

SMEI-HAF                                           

WSA-Enlil-Cone

HAF Assimilation of SMEI 

Data

V, B, density                               

time of arrival

Solar Energetic Particles
Energetic Particle Event, 

Polar Cap Absorbtion Event, 

Solar Radiation Dosage

Energetic Particle Event, 

Polar Cap Absorbtion Event

GOES particle and x-ray,                                      

RSTN,                                                         

Riometer data,                                   

Model: PPM, PPS

REleASE,                                       

SEPSWM

Develop SEPSWM,         

Validate PPM/PPS,       

SEPSWM

Probability of Detection,  

false alarm rate,              

warning time

Solar Indices  F10.7, SSN  F10.7, SSN
Penticton F10.7,                                              

Recurrence
Nothing Currently Nothing Currently None

Magnetosphere E

Magnetic Storms Geomagnetic Storming Geomagnetic Storming

Data: ACE, GOES, DMSP,USGS                                                          

Models: Real time Dst, HAF, 

WSA (NOAA)

WSA-Enlil,                                     

BATSRUS

Solar Wind Prediction Model 

Validation
Vsw, n, |B|, Bz, ϕ

Magnetopause Location None None None
Shue et al.,                                        

MHD
Shue et al. Validation Satellite Observations

Radiation Belts
electron flux/fluence                                                                         

South Atlantic Anomaly
electron flux/fluence GOES, RBE, REP                                                   

DREAM,                                                 

DILBERT

Validate REFM, REP,  Li, 

Flux_Pred,  DREAM, RBE

e- flux, fluence from various 

satellites

High Energy Particles Radiation Dosage Radiation Dosage

Data: Cosmic Ray History, 

neutron data                                       

Model: Hi Flier

SEUPE,                                           

NAIRAS 

Validate Smart & Shea cutoff 

model
SAMPEX Cutoff Latitude

Magnetospheric Indices Ap, Kp, Dst  Ap, Kp                           
USGS,                                                        

UPOS Kp, Dst
WINDMI Validate APL Kp model Ap, Kp, Dst Observations

Ionosphere/Thermosphere

Thermosphere Thermospheric Density Thermospheric Density HASDM JB2008 Validate JB2008 Insitu Density (CHAMP)

Ionosphere TEC, Electron Profiles TEC, Electron Profiles

Data: SCINDA, DISS, TEC                                              

Models: IONPRO and/or 

GAIM (Gauss Markov)

GAIM (Full Physics) Validate GAIM

Vertical TEC (JASON),                                

Insitu density (CHAMP),                 

Ground Based GPS TEC,                              

Radio Occultation,                         

Aurora Auroral Oval Auroral Oval
Data: DMSP, USGS                                                       

Model: OVATION, Hardy

Combination of Ring Current 

and MHD models

Develop MHD based Radar 

Auroral Clutter
Under development

Ionospheric Indices IACTIN, QE QE
Data: DMSP                                     

Model: Empirical Models

GAIM(Full Physics), 

Combination of Ring Current 

and MHD models

Nothing Currently None Identified

Satellite Communications
UHF Communications,                

signal fade

UHF Communications,                

signal fade

Data: SCINDA, DISS, TEC 

Models: WBMOD
PBMOD Validate PBMOD

Scintillation:  Magnitude, 

start and end times (6hr 

window),                                    

Signal Fade: Magnitude, hits

HF Communications
Polar Cap Absorption,                                                        

HF Signal Fade,                                     

HF Point-to-Point

Polar Cap Absorption,                                                        

HF Signal Fade,                                     

HF Point-to-Point

Data: SCINDA, DISS, TEC, 

USGS, GOES                                                       

Models: GAIMCAP (Gauss 

Markov)

GAIMCAP (Full Physics) Validate GAIM

Ground Based GPS TEC,                             

QC Ionosonde data,                               

Radio Occultation,                   

Op. Metrics Not Identified

GPS Navigation GPS Error GPS Error

Data: SCINDA, DISS, TEC, 

USGS                                                

Models: GAIM (Gauss 

Markov)

GAIM(Full Physics) Validate GAIM

Vertical TEC (JASON),                                

Radio Occultation,          

Ground Based GPS TEC,                             

Op. Metrics Not Identified
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Model: Radiation Belt Fluxes 

Nelson, et al., “An Ensemble Forecast for Geosynchronous Radiation Belt Fluxes 
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Model: Ensemble Dst Forecast 
Cable, et al., “Data Assimilative Analysis of an Analytical Dst Behavioral Model 
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Model: Solar-Iono connections 
Gentile, et al., “Solar Wind Effects on Plasma Density Depletions” 
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Model: Validation of Neutral Density Models 

Wise, et al., “Validation and Implementation of Neutral Density Models for SWFL” 
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Models: Validation of TIEGCM 

Lin, et al., “Validation of Physics-based Neutral Density Modeling Using Thermosphere 
Ionosphere Electrodynamics Global Circulation Model” 
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Model/Product: AF-GEOSpace 

1/2 
maxim

um 

1/10 
maxim

um 

Background 
x 3 

maximum 

11:00 

Hilmer, et al., “AF-GEOSpace Version 2.5” 
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Products: Hybrid CME Forecast 

Johnston, “AFRL SWFL: Constructing a Hybrid CME Forecast Methodology 
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Products: Coronal Hole Tool 

Crown, et al., “Coronal Hole Analysis Tool (CAT): A New Addition to the WSA Model” 
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Solar Radio Burst Effects (SoRBE) 

Products: System Effects 

Quigley, et al., “Research-to-Operations: Models of SWFL and Products of SEEFS 

Radar Auroral Clutter (RAC) 

Radar Scintillation (RadScint) 

Sat Charge/Discharge (CHAR/D) 
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Conclusion 

• AFRL Space Weather Center of Excellence 
is working on many pieces of the Space 
Weather puzzle 

• The Space Weather Forecast Laboratory 
(SWFL) focuses efforts related to 
research-to-ops transition 

• Details can be found at the Poster 
Session! 


